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Induced top Yukawa coupling and suppressed Higgs mass parameters 
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In the scenarios with heavy top squarks, mass parameters of the Higgs field must be fine-tuned 
due to a large logarithmic correction to the soft scalar mass. We consider a new possibility that the 
top Yukawa coupling is small above TeV scale. The large top mass is induced from strong Yukawa 
interaction of the Higgs with another gauge sector, in which supersymmetry breaking parameters 
are given to be small. Then it is found that the logarithmic correction to the Higgs soft scalar mass 
is suppressed in spite of the strong coupling and the fine-tuning is ameliorated. We propose an 
explicit model coupled to a superconformal gauge theory which realizes the above situation. 



I. INTRODUCTION 

Supersymmetric little hierarchy 0, Q means a large 
discrepancy between the scale of weak boson masses and 
the scale of supersymmetry breaking masses, specially for 
the Higgs fields. In the minimal supersymmetric stan- 
dard model (MSSM) , the minimization condition for the 
potential of neutral Higgs components is given by 
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for a moderate value of tan fi. Here mn u denotes the soft 
supersymmetry breaking mass for the up-type Higgs field 
H u , while (i denotes the supersymmetric mass parameter. 
If |TOfl-J is much larger than M z , the two mass parame- 
ters tujj u and must be fine-tuned so as to nearly cancel 
out each other. However there is no theoretical ground 
that low energy values of these parameters are related 
mutually. Therefore, it seems to be natural for the Higgs 
mass parameters, Imjy^ | and \fi\, to appear less than a 
few hundred GeV. 

Contrary to this, the soft supersymmetry breaking 
mass appears to be fairly large at low energy in 

the most supersymmetric models. This is due to the large 
radiative correction, which is given explicitly at one-loop 
level by 



JLy2 2 ln A 
16tt 2 * 1 mz 



(2) 



Here Y t and mj denote the top Yukawa coupling and the 
soft supersymmetry breaking mass of stop (top sparti- 
cle) . We represent an uppermost scale of the MSSM by A, 
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which may be taken to be the GUT scale; A ~ 10 16 GeV. 
Then the correction \8m,H u | is found to be comparatively 
larger than because of the sizable top Yukawa cou- 
pling Y t . This negative correction to the Higgs scalar 
mass squared gives rise to radiative Electro- Weak sym- 
metry breaking (EWSB) j2j, which is thought to be one 
of the beautiful features of the MSSM. However the prob- 
lem is that the radiative correction is too large, since mi 
is supposed to be more than several hundred GeV for the 
following reasons. 

First one is based on the experimental lower bound of 
the lightest Higgs boson mass m^o, which is 114 GeV Q. 
On the other hand, the MSSM predicts the lightest CP- 
even Higgs boson mass m^o to be less than Mz at the tree 
level. This discrepancy can be covered by sizable radia- 
tive correction for m^o , when the top-stop mass splitting 
is relatively large Q . Explicitly, the one- loop correction 
may be written roughly as 
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where m t denotes the top mass. This formula requires 
mi > 500GeV so as for the lightest Higgs mass in the 
MSSM to satisfy the experimental bound. Then the soft 
supersymmetry breaking mass |toh,J is supposed to be 
more than about 800GeV in the MSSM, and rather tight 
fine-tuning less than a few percent is required in order to 
satisfy Eq. (JIJ. 

Second one is theoretical. One of strong supports for 
the low energy supersymmetry is gauge coupling unifi- 
cation around the scale A ~ 2 x 10 16 GeV. When the 
gaugino masses M a (a — 1,2,3) are also unified around 
A, the gaugino masses enjoy the famous GUT relation 
with the corresponding gauge coupling g a as M a /g 2 = 
const. Therefore, the gauge coupling unification leads to 
a rather heavy gluino mass at low energy. This is the 
same for the minimal supergravity (mSUGRA) model 
. Such a gluino mass enhances the soft supersymmetry 
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breaking masses of squarks at low energy through radia- 
tive corrections. Explicitly the correction to m~ becomes 
as large as (500GeV) 2 , even if Mi ~ lOOGeV at low en- 
ergy. Then the soft mass of Higgs receives large radiative 
corrections through these heavy squarks. Thus we may 
say that the primary origin of the fine-tuning problem is 
the enhanced gluino mass. 

The same fine-tuning problem arises in the models with 
the so-called gauge mediated supersymmetry breaking 
(GMSB), which is one of the most postulated scenar- 
ios explaining the flavor universal soft masses. There 
the soft masses and also the gaugino masses are gener- 
ated at some lower scale than the GUT scale. However 
the size of the generated squarks masses as well as the 
gaugino masses are found to be large as those given in 
the mSUGRA scenario. Thus the fine-tuning problem is 
found to be rather severe also in the GMSB [6j . 

There have been various proposals to remedy this fine- 
tuning problem by considering extensions of the MSSM. 
Many of them are to enhance the effective quartic cou- 
pling of the Higgs field in the low energy theory. The 
ways are various; low energy supersymmetry breaking 0, 
additional F-term contributions 8], additional D-term 
contributions an additional sizable Yukawa coupling 
of the Higgs field with extra fields [10( . Indeed enhance- 
ment of the quartic coupling may improve degree of the 
fine-tuning somewhat, however this effect is not so signif- 
icant. Rather it is essential that the tree level value of the 
lightest Higgs boson mass is enhanced and the large stop 
mass is not required any more to satisfy the experimen- 
tal bound. Then the radiative correction J2J to the Higgs 
soft mass may be sufficiently reduced in the case of light 
stop masses. Thus it should be noted that light gluino 
mass as well as the light stop mass must be assumed in 
these scenarios, which does not conform to the sparti- 
cle spectra obtained in the frameworks of mSUGRA nor 
GMSB. 

Therefore it would be more interesting to study the 
models in which only the Higgs mass parameters are sup- 
pressed with keeping the other soft masses heavy, as given 
in the GMSB scenario. In order to realize such a situ- 
ation, it is necessary to eliminate or suppress the loga- 
rithmic correction to the Higgs soft mass, 5ra 2 H ^ , which is 
given by Eq. @ approximately. Actually there have been 
proposed only a few scenarios along this line of thought. 
One way is given by the so-called supersoft supersym- 
metry breaking mechanism 11]. There the soft masses 
are generated only through finite loop diagrams so that 
the flavor universality of them is automatically guaran- 
teed. On top of that, the soft scalar mass of Higgs is free 
from logarithmic enhancement and is also suppressed by 
one-loop factor. Another one is the supersymmetric little 
Higgs model 0]> m which the Higgs fields are assumed 
to be pseudo Nambu-Goldstone bosons, and their mass 
parameters are generated only radiatively. Then the en- 
larged symmetry ensures that the logarithmic corrections 
to the mass parameter appear at more than two-loop level 
and, therefore, are suppressed. 



Two of the authors also presented models in which 
the Higgs field has an additional Yukawa coupling with 
a superconformal gauge sector |l3j| . It has been known 
[HHU that soft masses introduced to the chiral matter 
fields of a superconformal gauge theory enjoy sum rules at 
infrared (IR) irrespectively of their values at high energy 
scale. In the previous paper, it was shown that the Higgs 
soft mass can be made finite and ultraviolet insensitive 
by using the sum rules. Moreover, the obtained Higgs 
mass is one-loop suppressed. Besides the Higgs field ac- 
quires a large anomalous dimension and, therefore, the 
fi parameter is suppressed at the same time. Thus both 
of the mass parameters of the Higgs field turn out to 
be small at low energy by the same dynamics and be- 
come free from fine-tuning. However the explicit model 
relies upon assumptions to unknown dynamics in order 
to realize the finite soft masses and may be somewhat 
artificial. Besides that, it is an undesirable feature that 
top Yukawa coupling is suppressed at low energy due to 
the large anomalous dimension of the Higgs field pjof. 

In this paper we seek for another possibility that the 
Higgs field in the MSSM is sequestered from gluino and 
top squarks, whose large masses cause the fine-tuning 
problem. We suppose that the top Yukawa coupling is 
small above TeV scale. Then the radiative correction 
given in Eq. J3J is suppressed and becomes harmless. 
This radical assumption also requires a new source for 
the top mass in place of the top Yukawa coupling. So 
we introduce a strongly coupled gauge sector and a new 
Yukawa interaction between the Higgs field and the mat- 
ter fields in the strongly coupled sector. The large top 
mass is found to be induced at low energy through mix- 
ing between the fundamental top quarks and the strongly 
coupled matter fields. One might wonder that the new 
Yukawa coupling induces a large correction to the Higgs 
mass parameter just as the top Yukawa coupling does, 
and is not helping to solve the problem. However if the 
supersymmetry breaking parameters in the strong gauge 
sector are sufficiently small for some reason, then the 
Higgs mass is not enhanced through the new Yukawa 
coupling. Here it is noted that if the strong gauge the- 
ory is superconformal, then the gaugino mass and the 
A-parameters necessarily vanish. Later we will give an 
explicit model in which mass of the Higgs is preserved 
to be small due to the superconformal dynamics. We 
stress that the superconformal dynamics itself does not 
suppress the soft scalar mass of Higgs, and the scenario 
considered here is distinct from the previous one consid- 
ered in Ref. [l3| . 

The article is organized as follows. In section 2 we ex- 
plain the basic mechanism for sequestering Higgs from 
the large soft masses of gluino and stops by assuming 
small top Yukawa coupling above TeV scale. We present 
an explicit model using superconformal dynamics in sec- 
tion 3. There the mixing between top quarks and the 
extra matter fields, which induces large top mass, is also 
shown. In section 4 we study some phenomenological as- 
pects of the model given in section 3. Finally section 5 
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is devoted to conclusion and discussion. 



II. SEQUESTERING HIGGS FROM LARGE 
SUPERSYMMETRY BREAKING 

First let us discuss renormalization properties of the 
soft masses of Higgs H u and stop fields Q 3,113 in 
the MSSM at one-loop level. We neglect the bottom 
Yukawa coupling Yf, and the gauge interactions other 
than SU(3)c, as these effects are not significant for the 
fine-tuning problem. Then the renormalization group 
(RG) equations for the soft masses are given by 

9 dm|, 32 ,, ,„ 

-«.-f«a*i". 

„dm 2 H , 



where X t denotes the following combination of the soft 
scalar masses and the A-parameter A t ; 

X t = 2\Y t \ 2 [(m 2 Q3 + ml + m 2 H J + \A t \ 2 ] . (5) 

The parameter A t follows the RG equation given by 

W 7r 2 ^ = 2\Y t \ 2 A t + ^g 2 M 3 . (6) 
dm [J, o 

The large gluino mass M3 induces large corrections not 
only to squark masses 771q 3 and to? 3 but also to A t . How- 
ever if the top Yukawa coupling Y t is given to be small 
enough, then the soft mass parameter of up-type Higgs 
m 2 H is protected from the corrections. 

We note also that these RG equations show an inter- 
esting property as follows. If we drop off A/3 and A t from 
these equations and treat Y t as a constant approximately, 
then these coupled equations are easily solved. There 
are two constant modes for (m^ , 777? 3 , ), which are 
proportional to (I, —1, 0) and (1, 1, —2). The linearly in- 
dependent mode proportional to (1,2,3) is suppressed 
towards IR with a power of scale J3Ij . Therefore the soft 
masses satisfy the sum rule; t7q 3 + m ii 3 + m ff„ - * at 
low energy. Here it is noted that the soft masses are not 
enhanced from the high energy values. As long as initial 
values of the scalar masses are given to be small, |t77,#J 
is always small at low energy. Thus the supersymmetric 
little hierarchy may be ameliorated by suppressing the 
gluino mass and the A-parameter for the top Yukawa 
coupling compared with other gaugino masses. In this 
paper we do not pursuit for this possibility keeping sce- 
narios of mSUGRA and GMSB in our mind. 

Now suppose that the top Yukawa coupling Y t is small 
e.g. as Yfc. Then we need to explain the large top mass 
by another mechanism. As was mentioned in section 1, 
we introduce an extra strongly interacting gauge theory 



with the gauge group Gs- We also assume additional chi- 
ral superfields (<&, (f>), which are charged under Gs- The 
quark fields (Q3,U3) are charged under SU(3)' C , while 
(&,4>) are singlet. We consider their Yukawa interaction 
with H u as 

W ~ Y t Q 3 u 3 H u + \§4>H U . (7) 

The new Yukawa coupling A becomes large at low energy 
due to strong gauge interaction. It is noted that large A 
reduces Y t . In practice we consider scenarios in which the 
symmetry Gs X SU(3)' C is spontaneously broken to the 
color gauge group SU(3)c at low energy. After this sym- 
metry breaking, $ and </> carry the same charges as Q3 
and U3 have respectively. Therefore these extra matter 
fields can mix with the original top quarks. Eventually 
large top Yukawa coupling is induced from the second 
term of the superpotential given in Q in the low energy 
effective theory. We will explain how the mixing can be 
generated by presenting an explicit model in the next 
section. 

We also assume that the extra matter fields have their 
vector-like partners (<&, <p) and supersymmetric mass 
terms like /u-term of the Higgs fields; 

W ~ fJ,H u H d + A/$$$ + (8) 

We will explicitly see later that \i is suppressed, while M$ 
and Mjh are enhanced by the strong extra gauge interac- 
tion [l3j . Therefore we may suppose that the decoupling 
scale given M$ or to be about several TeV. We also 
assume that the symmetry breaking takes place around 
this scale. 

How about the radiative correction to the soft mass of 
H u ? What we should care is corrections induced by the 
large extra Yukawa coupling A. Here it should be noted 
that the RG equations for soft scalar masses m\ , m | and 

m 2 H have the same structure as in Eqs. J3J. Therefore, 
if gaugino mass of the extra gauge theory Ms and also 
the A-parameter for the extra trilinear interaction A\ are 
both suppressed well, then the soft scalar mass of Higgs 
m 2 H ^ is not enhanced at all irrespectively of the strong 
couplings. In such a case, the mass parameters of Higgs 
are fairly smaller than the gluino mass at low energy, as 
long as m\ and m| given at high energy scale are also 

small. Below the scale of symmetry breaking, 777^ re- 
ceives the negative correction through the effective top 
Yukawa coupling just as in the MSSM. However size of 
this correction is reduced by about one order, since A in 
Eq. (J2J is now given to be only several TeV. Thus radia- 
tive EWSB still occurs but the Higgs mass parameters 
appearing in Eq. Q are suppressed well. 

Now we discuss the ways to realize the above situa- 
tion. Indeed there are at least two possibilities in which 
the above situation is realized naturally. The first one 
is an application of superconformal gauge theories. We 
note that both of the gaugino mass and the A-parameters 
are suppressed in proportion to certain powers of the 
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renormalization scale in any superconformal gauge the- 
ories 0, 0. The superconformal gauge theories are 
not special at all. Only if the number of charged mat- 
ter fields is given in the so-called conformal window, the 
gauge coupling is found to have an IR attractive fixed 
point |18| . where the theory becomes conformal invari- 
ant. We will give somewhat detailed discussion of this in 
section 3. Thus in the case that the extra gauge sector 
becomes superconformal with approaching an IR fixed 
point, the Higgs field can be sequestered from supersym- 
metry breaking effects. In the next section we will present 
an explicit model suppressing the Higgs mass parameters 
by the superconformal dynamics. 

Alternatively we may consider the GMSB whose mes- 
sengers are singlet under the extra gauge interaction. 
Then the gaugino of the strong sector is massless from 
the beginning and therefore the A-parameter is not en- 
hanced. In addition to that, the soft scalar masses of 
the extra matter fields are as small as slepton masses. 
Explicit considerations of such GMSB scenarios will be 
reported elsewhere. 



III. HIGGS COUPLED WITH A 
SUPERCONFORMAL SECTOR 

In this section we consider an explicit model in which 
the Higgs field couples with a superconformal gauge the- 
ory through a new Yukawa coupling. First we assume 
the extra gauge group G$ to be SU(3)sc: an d the color 
SU(3)c of the standard model is given by the diagonal 
subgroup of SU(3)sc x SU(3)' C . We introduce vector- 
like matter fields charged under SU(3)sc so that there 
is an IR fixed point with strong gauge coupling. Then 
the gauge couplings of these groups are related with 
l/<7 2 = l/<?sc + Vfff • Therefore the gauge coupling of 
SU(3)' C is almost the same as the color gauge coupling, 
.93 ~ 33, since gsc is as large as An at the fixed point. 
The gaugino mass at low energy, M3, is related with the 
gaugino masses Msc and M3 of SU(3)sc and SU(3)' C 
sectors by 
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9l 



Msc 
9ic 



gi" 



(9) 



It is seen that M 3 ~ M3, since Mgc is suppressed by the 
superconformal dynamics. 

The matter contents other than the fields of the MSSM 
are as follows; 
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(10) 



Here R denotes the R-parity. Quarks in the MSSM be- 
long to the fundamental representation of SU(3)' C . The 



extra matter fields are not combined into representa- 
tions of an SU(5) because of their U(l)y charge assign- 
ment. We will see later that gauge coupling unification 
is slightly modified. 

The matter fields charged under SU (3) sc are vector- 
like and the number of the "flavor" Nf is 6. There- 
fore this gauge theory belongs to the conformal win- 
dow given by 3/2N c < Nf < 3N C and has an IR at- 
tractive fixed point. If we neglect the gauge couplings 
of SU(3)' C , SU(2)w and U(1)y, the anomalous dimen- 
sions of the vector-like matter fields are exactly given by 
7* = 70 = 7o = (3A^c - N f )/N c = -1/2 at the fixed 
point. 

These negative anomalous dimensions mean that the 
dimensions of the charged matter fields are less than the 
canonical ones (d = 1/2). So the Yukawa term \$cf>H u , 
which is allowed by the symmetry, is a dimension two 
operator at the fixed point of the pure gauge theory. 
Therefore this perturbation is relevant and the coupling A 
grows towards IR with a single power of the scale. How- 
ever the large Yukawa coupling A increases the dimension 
of the Higgs H Ul and is expected to eventually approach 
a new fixed point A*. 

Though existence of this new fixed point has not been 
proven yet, we may demonstrate it by applying one- loop 
anomalous dimensions in the exact RG equations |19| . 
By neglecting the MSSM couplings, the anomalous di- 
mensions arc found to be 
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-g«SC + "A, 
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70 = 
Jh u = 3a\, 



-a S c + 2a A , 



78 



14, = 7o = 70 



-g(*SC, (11) 



where asc = Ssc/^ 71 " 2 an< ^ a >~ = |A| 2 /87r 2 . The exact 
beta functions are given in terms of these anomalous di- 
mensions as 



dasc 
dhifi 



da\ 
d In fj, 



-I^fc( 3 + 7 * + 2^ 

1 3 3 \ 

7# + 270 + 2^ + 2 7s J ' ' ' 



ax (7* +I4, +7H„) 



(13) 



Immediately the fixed point couplings are found to be 

(A) : (a* sc ,a* x ) = (3/16,0), (14) 

(B) : (a* sc ,al) = (27/128,3/16), (15) 

which are marked in Fig. 1. The RG flows are also shown 
in Fig. 1. It is clearly seen that the fixed point (B) is 
indeed IR attractive. Now we suppose that the theory is 
given near the fixed point (A) and comes close to the IR 
attractive fixed point (B) at scale Age that is not much 
larger than the Electro- weak scale, say 10 ~ lOOTeV [l3j . 
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(19) 
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FIG. 1: The RG flows obtained by solving Eqs. E3 
are shown. The arrows indicate the direction toward IR. The 
points A and B represent the fixed points and l|15|l re- 
spectively. 



There are other relevant operators than AQ(j>H u at the 
fixed point (A). We include these operators into the su- 
perpotential and suppose that it is given at the IR at- 
tractive fixed point as 

W = Y t Q 3 u 3 H u + \*$<j>H u + k,Q 3 0$ + <<£f2u 3 

+ f iH u H d + M$$$ + M # + MnfiO. (16) 

Here the super-symmetric mass terms are also introduced. 
We do not consider the Yukawa coupling with Hd for 
simplicity. When we neglect the gauge couplings g' 3 
as well as 172 and g\, the existence of the IR attrac- 
tive fixed point with large Yukawa couplings A* 
may be shown by using the anomalous dimensions ap- 
proximated in the one-loop level. Then we may find 
an IR attractive fixed point and the explicit couplings 
are given by (a| c , at , a* , a*,) ~ (0.38,0.34,0.25,0.29), 
where a K — \n\ 2 /8n 2 . Of course such a perturbative 
analysis is not so trustworthy for these large couplings, 
though it may offer us an indication of the fixed point. 

The anomalous dimensions for the extra matter fields 
are modified in the presence of these Yukawa terms. Then 
the anomalous dimension of Higgs is given by 



7ff„ 



-(7* +70), 



(17) 



which is expected to be about one. The mass parameter 
fi is also suppressed as 



/nA>=( A 



M(Asc), 



(18) 



while the mass parameters M$, M^, Mq are enhanced. 
Therefore the decoupling scale of the superconformal sec- 
tor is much larger than [i. In this model, not only Higgs 
but also quarks acquire positive anomalous dimensions, 
therefore the Yukawa couplings Y t is suppressed rather 
strongly. 

The spontaneous breakdown of the gauge symmetry 
S77(3) sc x SU(3)' C to the diagonal subgroup SU(3) C oc- 
curs, if the bi- fundamental matter fields acquire VEVs as 



where A, a — 1,2,3 are indices of the fundamental rep- 
resentations. These VEVs also bring about mixing be- 
tween the quark superfields and the superconformal mat- 
ter fields simultaneously. By substituting these VEVs 
into the superpotential, the mass terms are modified ef- 
fectively as 



^Q3 



$ + ( 4, + -^u 3 ) . (20) 



It is noted that the decoupling modes are given by a lin- 
ear combination with the original quark fields. Therefore, 
a new Yukawa term is induced in the effective superpo- 
tential after decoupling. Thus the effective top Yukawa 
coupling is found to be 



Y, 



off 



A* 



M 



(21) 



The top Yukawa coupling of Y t off ~ 1 may be realized if 
uj/Mq, ~ oj/M<j, ~ l//c*vA*- Here the fixed point cou- 
plings A* expected to be 27r/3 as a rough esti- 
mation. Thus the large top Yukawa coupling may be 
reproduced by assuming lj to be given in mass scale of 
the extra matter fields. 

Next we consider the soft scalar mass of Higgs ob- 
tained at the decoupling scale from the superconformal 
sector. The exact beta functions and the spurion 
method [H HJ IH |H HI ^ enable us to show that the 
gaugino mass and the A-parameters in a superconformal 
gauge theory decrease in proportion to certain powers of 
the scale towards IR [l5l llfij . Therefore these supersym- 
metry breaking parameters arc almost vanishing at the 
scale of Age j where the Yukawa coupling A reaches near 
the IR fixed point. Since the coupling Y t also becomes 
negligible below the scale of Age, the RG equations for 
m\,m 2 ^rn 2 H ^ are just identical to Eqs. (@J at one-loop 

level. It is sufficient to replace mg 3 ,m^ to m|,m| 
and Y t ,M 3 ,A t to \,Msc,A\ respectively in Eqs. (3). 
Here, however, the soft breaking parameters AfgcAx 
have been sufficiently suppressed already at Age- There- 
fore these soft masses, especially m 2 H , are not enhanced 
below Age, as is discussed in the previous section. Conse- 
quently if the scalar masses m%, m|, vn 2 H ^ are all small at 

scale of Age > then m 2 H becomes also small at low energy. 

Now we suppose that the theory stays near the fixed 
point (A) given in Eq. I|14|l above a certain scale of Ag C > 
Asc, and the coupling A is tiny. There the Higgs field 
is separated from the strongly interacting sector com- 
pletely. In the absence of the large top Yukawa coupling 
Y t , the dominant radiative corrections to the Higgs mass 
parameters are given by the SU(2)w gauge interaction, 
which are irrelevant to fine-tuning. On the other hand 
only the gauge interaction is strong in the superconformal 
sector and the extra vector-like matter fields are subject 
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to the same corrections. Then, if the scalar masses of 
these fields are given to be universal at the fundamental 
scale, the scalar masses are reduced through the super- 
conformal dynamics [l3L fljl ITi| . Thus the scalar masses 
m| and m| as well as the gaugino mass Msc have been 
suppressed at the scale A sc . 

Finally let us consider the RG behavior of the soft 
scalar masses at the transition region from fixed point (A) 
to (B) in more details. It is noted that the A-parameter 
A\ is not suppressed before approaching the fixed point 
(B). Meanwhile the Yukawa coupling A grows rapidly and 
exceed 0(1) quickly. Therefore we may wonder that the 
A-parameter affects RG behavior of the soft scalar masses 
significantly. 

In order to see this, we solve the coupled RG equations 
for m|>, m|, m 2 Hu and A\. The explicit equations may be 
written down immediately by applyin g 1-loop anomalous 
dimensions to the exact formulae P0II2II2I I2HI2H l2f| . 
First the RG equation for A\ is found to be 



din (i 



16 



(22) 



We also set m% — m\ — at t = for simplicity. In 
Fig. 2 running aspect of A\ is shown in the transition 
between the fixed points. Indeed the A-parameter is sup- 
pressed rapidly as the Yukawa coupling ot\ approaches 
the IR fixed point (B). The solutions for scalar masses 
TO l> m |j m ?f„ are shown in Fig. 3. We find that mj^ 
is reduced somewhat by the A-parameter, but the cor- 
rection is not considerable, even though A\ is relatively 
large at A sc . 
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where asc = ffsc/^ 71 " 2 ano - a A = I^| 2 /8tt 2 again. It is 
seen that the A-parameter A\ is suppressed rapidly as A 
grows in the absence of the gaugino mass Msc- The RG 
equations for the scalar masses may be obtained similarly 
and arc found to be 



dln/x 



dm 2 7 
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cZln/x 
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-a A (|A A | 2 + S), 

-|asc (2|M SC | 2 
-2a A (|^A| 2 + S) 
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3a A (\A 
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(23) 

(24) 
(25) 



where A g and S are given in terms of the scalar masses 
as 



FIG. 2: 



2 /o 2 

«sc = ffsc/0 71 " 



Running behavior of A\ as well as the couplings, 
and qa = |A| 2 /87r 2 , in the transition region 
between the fixed points (A) and (B) is shown. The renor- 
malization scale n is represented by t = log 10 (/i/Ag C ). These 
lines are obatined by solving Eqs. I12L I13H and 122H . 




t 



E 



1 - 3a S c 



3|M SC | S 



1 



m 2 T 



(26) FIG. 3: Running behavior of soft scalar masses m 2 H , m% and 
m| is shown. The renormalization scale fi is represented by 

(27) t = log 10 (/i/A' SG ). We set m 2 Hu /A\ = 0.1 at t = as an 
example. These lines are obatined by solving Eqs. 122H25H 
coupled with Eqs.jnj and ltT3l . 



Here we neglected dependence on other scalar masses in 
A g since these are suppressed. 

In Fig. 2 and Fig. 3 an example of the solutions to 
Eqs. (22H23) coupled with Eqs.JTjj) and JTSJ is shown. In 
these figures the parameter t is related with the renormal- 
ization scale fi by t = log 10 (/x/Ag C ). At t = 0, the scalar 
masses m% and m| as well as the gaugino mass Msc 
are supposed to be suppressed. On the other hand, the 
scalar mass of Higgs \rriH u \ is not suppressed by supercon- 
formal dynamics, though it may be smallish. Therefore 
we examined the case that A\ is given somewhat larger 

than |mjj n | (to be explicit, m 2 H jA\ = 0.1) at t = 0. squark masses, since mass of the SU(3)' C gaugino is sup- 



So far we have not taken into account the SU(3)' C ef- 
fects to the soft scalar masses and have assumed that all 
scalar masses of the matter fields charged under SU (3)sc 
are suppressed by superconformal dynamics How- 
ever the extra matter fields and Cl, whose VEVs bring 
about the symmetry breaking and the mixing between 
the original top quark and superconformal matter fields, 
are charged under SU(3)' C . So one may wonder if rriQ 
and jtiq are enhanced by the SU (3)' c correction just like 
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posed to become large at low energy. In addition, m| 
and are not just suppressed but are also enhanced as 

much as tuq, because these scalar masses should satisfy 
the IR sum rule [l6j. 

This may be avoided as follows. It is noted that the 
symmetry allows interaction among Q given by 



aw = n* e ABC e abc n^ of n c 



(28) 



in the superpotential. Then the IR sum rule tells us 
rrijj — * at low energy. In practice, TOq does not vanish 
because of the SU(3)' C corrections. However we note that 
the logarithmic correction does disappear |13| . This may 
be demonstrated by using the one-loop RG equation for 
n%Q, which is given by 

16tt 2 n 



din /i 



4|r7* I 



32 
~3 



^9s\M 3 \ 2 . 



(29) 



If we use |tj*| ~ An by naive dimensional analysis, then 
the soft mass converges as 



1 

6^ 



(30) 



Thus itiq becomes small enough at the scale of A gc . 
Then the IR sum rule guarantees that the soft scalar 
masses \m%\ and |m|| are as small as m,Q. Thus although 
the mass of SU(3)' C gaugino may be large, the soft scalar 
masses in the superconformal sector can be suppressed. 



IV. SOME PHENOMENOLOGICAL ASPECTS 

First we consider the gauge coupling unification. Intro- 
duction of the extra matter fields charged under the SM 
gauge group alters the gauge beta functions. As was men- 
tioned before, the extra matter fields are not combined 
into representations of SU(5). Therefore the Weinberg 
angle is shifted from the value obtained in the MSSM, 
which fits in the experimental data. 

The running gauge couplings a a — g^/Air^a = 1,2,3) 
for the SM gauge groups are given explicitly at one-loop 
level; 



A SC 



&i low \ M* 

m 

2tt M z 



+ 



6 (SC) 

^2— In: 
2vr M$ 



6 (high) 

^ hi-^-. 

2tt A sc ' 



(31) 



where M$ stands for the decoupling scale of the extra 
matter fields. We also suppose the scale Ag C to be rather 
close to Asc and do not consider running between these 
scales. To be explicit we use M$ = ITeV and Asc = 
lOTcV in the calculations below. 

Now we calculate the beta function coefficients b a in 
each energy region. In the present model only the Hig- 
gsino and probably the right-handed sleptons are sup- 
posed to be light among superpartners of the SM fields. 



Then 6a° w ' ) may be evaluated as 

(6 (low)^(low)^(low) ) = (_ 7) _ 15 / 6)51/10) . (32) 

Though the running below M$ is rather model dependent 
and uncertain, the contribution is not important anyway. 

Next we consider the region where the MSSM cou- 
pled with the superconformal sector. We suppose that 
not only the coupling A but also k and k' are reach- 
ing their IR fixed points below Asc m the superpoten- 
tial given by (|16[) . There the anomalous dimensions of 
the fields charged under 5f7(3)sc, 7$, 7$ and so on, are 
— 1/2 approximately. Meanwhile 7h U )7q 3 an d 7« 3 m ay 
be evaluated to be about one. The gauge beta func- 
tion coefficients are given in general by b a — _^ MSSM ) _|_ 
— Ifc), where the chiral fields fa belong to the 
fundamental representation. Therefore we may evaluate 
&i SC) as 



(SC) ,(SC) , (SC) 



b [ i>) ~ (0,7/2,81/10). 



(33) 



Above the scale Asc (or Ag C ), the couplings of the super- 
conformal sector are also supposed to be small. Therefore 
the coefficients may be evaluated by one-loop approxima- 
tion and are found to be 

(6 (high)^(high)^(high) ) = (M;42/5) . (34) 

By using these coefficients in the gauge couplings 
Eqs. H31fl . we may examine the aspect of their unifica- 
tion. For example it is seen that and a,\ cross each 
other at the scale about 10 18 GeV. It may be interest- 
ing that this is so high as the Planck scale or the string 
scale. If we assume that Q2 coincides with other gauge 
couplings at this scale, then the Weinberg angle is found 
to be sin 2 9y/ ps 0.24, which is still very close to the real- 
istic value. 

Next we also examine low energy spectrum of the su- 
perparticles in this model. Specifically we consider the 
mSUGRA scenario with the universal gaugino mass M1/2 
and the universal scalar mass mo, which is now assumed 
to be very small at the Planck scale. The running behav- 
ior of the gauge couplings are rather different from that in 
the MSSM. Therefore the soft parameters obtained at low 
energy are distinct from those in the ordinary mSUGRA 
scenario. 

It will be enough to take account of the corrections 
above the scale of Asc at the one-loop level. Since the 
gaugino masses satisfy the relation, M 3 (fi) : M 2 (^) : 
M\(n) — 0:3 (jtt) : «2(m) : a i{t l )i their ratios are the same 
as in the mSUGRA case; 



M 2 w 0.29M 3 , 



Mi fa 0.14M 3 . 



(35) 



Contrary to this, the squark masses are considerably en- 
hanced by the SU (3)c corrections, since 03 is not re- 
duced at higher energy scale. Explicitly the correction 
may be given as 



Am 



32 
127r 



a 3 |M 3 | 2 ln 



Mi 



pi 



A; 



SC 



(36) 
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from which the squark masses at low energy are expected 
to be 

TOq - TYlq ~ 1.6M 3 . (37) 

Similarly we may obtain other soft mass parameters as 

m L ~ 0.5M 3 , m Hd ~ 0.5M 3 , m~ e ~ 0.28M 3 . (38) 

We note that the soft masses in this model are relatively 
heavier than those in the conventional scenarios. In the 
presence of too at the Planck scale, these are raised up 
more. 

On top of that the most characteristic feature of our 
model is that Higgs and Higgsino fields are much lighter 
than squark and sleptons. The soft scalar mass m 2 H 
receives radiative corrections only below the decoupling 
scale M$ and is expected to be one order smaller than 
to- . The /z-parameter is also suppressed. This spec- 
trum is favorable in the following respects. One is the 
neutralino relic abundance |27j. which has been con- 
strained precisely by WMAP. In the most parameter re- 
gion of mSUGRA the lightest neutralino is Bino-like, and 
the relic abundance constraint leads to stringent upper 
bound on scalar and/or gaugino masses. In our model 
the lightest supersymmetric particle (LSP) is given as a 
gaugino-Higgsino mixture or even as a Higgsino dominant 
component. It has been known that the relic abundance 
is well explained in the case of such spectra, which is 
similar to the focus point region [Till^ . 

Another advantageous feature is on the stability of the 
MSSM scalar potential. The mass parameters in the 
MSSM must satisfy constraints against charge and/or 
color breaking and unbounded-from-below. The most 
serious unbounded-from-below direction of the MSSM 
scalar potential involves the Higgs and slepton fields, 
i.e. the so-called UFB-3 direction j^. If the quantity 
rrijj u + to? turns out to be negative, then the potential 
becomes unstable along the UFB-3 direction. In our sce- 
nario, the Higgs soft mass is suppressed, and therefore 
the UFB-3 bound can be relaxed. 

Lastly we consider also the constraints by precision 
measurement of the EW theory. In our scenario it is es- 
sential to incorporate the mixing of the top quark with 
a heavy extra field in order to generate heavy top mass. 
We come across a similar situation in the so-called top 
quark see-saw models |2^. In these models, a vector- like 
pair of weak singlet fermions (xl, Xr) are introduced and 
mixed mass terms with top quarks as well as mass of 
themselves are generated dynamically. Then the strin- 
gent constraints to the isospin breaking dp and the Z- 
boson decay width i?t = T[Z — > bb]/T[Z — > hadrons] 
are found to give lower bounds for the dynamical masses 
|29|. After EWSB, similar mixed mass terms with extra 
matter fields appear also in our model. However masses 
of the extra matters are supposed to be more than a few 
TeV, while mixed masses are as small as the VEV of 
EWSB. Therefore the mixing effects are small enough to 
satisfy the constraints for dp and Rb- 



V. CONCLUSION AND DISCUSSION 

In this article we considered a scenario ameliorat- 
ing the supersymmetric little hierarchy problem in the 
MSSM. We concentrated particularly on models with 
heavy gluinos and squarks as given in mSUGRA and 
GMSB scenarios. In order to suppress radiative correc- 
tions to Higgs mass parameters, we assumed that top 
Yukawa coupling is small above TeV. The large top quark 
mass is effectively generated through top quark mixing 
with strongly coupled sector around TeV scale. Accord- 
ingly the Higgs field has a large Yukawa coupling with 
the extra matter fields instead of the top quark. Never- 
theless corrections to the soft scalar mass of Higgs can 
be made suppressed. 

To be explicit, we presented a model in which the Higgs 
field couples with a superconformal gauge theory. Then it 
is shown that Higgs is sequestered from large supersym- 
metry breaking effects. Moreover the large anomalous 
dimension of the Higgs field suppresses the /i-term. Thus 
Higgs and Higgsino are light compared with squarks and 
sleptons. The GMSB scenarios with messengers that are 
neutral under the strong gauge group will also be consid- 
erable and supposed to present a similar sparticle spec- 
trum. 

In the model building we just assumed the symme- 
try breaking of SU(3)sc x SU(3)' C to occur also around 
TeV scale. Though it is interesting to construct an ex- 
plicit model that implements this symmetry breaking, we 
leave it for future study. We also assumed that only top 
quarks acquire mixing terms with the extra matter fields. 
However this may be related with the question why only 
top quark mass is prominently large. In this respect it 
may be interesting to extend the model to incorporate 
three generations of quarks, and to consider the quark 
mass matrix. 

Lastly some comments on the other corrections in- 
duced by the extra matter fields are in order. Recently 
Babu et. al. considered similar models to ours, 

though they were not concerned with soft scalar masses 
and their models are rather weakly coupled. They exam- 
ined the cases that additional contributions to the quartic 
coupling of Higgs bosons in the MSSM are induced by the 
loop effect of extra matter fields coupled to Higgs fields. 
Then the mass of the lightest neutral Higgs boson may 
be raised up considerably. In our model the same kind 
of correction also exists and is given roughly by 

Am 2 h0 ~ (-m| cos 2 2/3 A 2 + 2v 2 sin 4 /3A 4 ) 1 i , (39) 

where t\ = ln(l + to|/M|) and we used — M$ and 
to| = m\ for simplicity. However the supersymmetric 
mass M$ is now taken to be fairly large, while the soft 
mass to$ is suppressed. Therefore enhancement of the 
lightest Higgs boson mass is found to be very small in 
the present model. 

We add remarks on the decoupling effects to the soft 
supersymmetry breaking parameters. We note that B- 
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parameters accompanied with the mass terms of the extra 
matter helds exist and are not suppressed by the super- 
conformal dynamics. Even the B-parameters are induced 
through corrections with the gaugino for SU (3)sc, since 
mass of the gaugino is not small at very high energy 
scale. Then soft supersymmetry breaking parameters in 
the MSSM receive threshold corrections due to the B- 
parameters when the extra matter fields decouple at the 
mass scale of M$. For gaugino masses, the threshold cor- 
rections are similar to the gauge mediation effect. What 
we especially concern ourselves about is the effect to the 
soft scalar mass of Higgs, m 2 H . We can evaluate such 
threshold corrections in a mannar outlined in Ref. [2t| . 
Then we find that the threshold correction to m# may 
be evaluated as 

K ~ -|S| 2 A (^Lj , (40) 
where A(*) represents the difference generated through 



the decoupling. Here the scale dependence of the anoma- 
lous dimension of the Higgs field is brought about by the 
SM gauge interactions in the leading order. Therefore, 
the threshold corrections to m 2 H are found to be insignif- 
icant for the present problem. 
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